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ANALYSIS AND DESIGN - PLAITORMS AND REELECiURS 


Ihe cost of transporting spacecraft to low earth orbit, even using Shuttle, 
is extrariely high. It is imperative that the most efficient use be made of the 
ti’aiisportation system. In order to mirdiulze tlie amo’jit of iriass which must be 
orbited, and to detemine spacecraft designs which meet the nultiplicity of 
design conditions and system constraints, it is necessary to enploy an optimi- 
sation approach. A preliminary analysis and desi^i code for sizing hexagonal 
planfonn spacecraft is cun'^ently being developed at LaEC. The minimized struc- 
tural mass/ai’ea for reflector class spacecraft of various spans (D) is shown in 
figure 1 (F-1) for several design values of platfom fundamental frequency. The 
results are for tetrahedral trass platforms with inward folding surface numbers. 
The trass depths of the results shown were constrained to l8m - the length of 
the Shuttle cargo bay. In F-2, tine sensitivity of package size dimensions for a 
30 (ln platform are illustrated as a flunction of platfdrm fundamental frequency. 
The results show that package size changes frxxn long and slim for low fi^uen- 
eies to short and fat for higher frequencies. The inpact of tinis din^nsional 
charge on transportation requirements is shown in F-3 for two different space- 
craft classes. The results show that below a critical stiffhess value (fre- 
quency) the spacecraft can be transported in a mass critical mode. Indicated 
by the horizontal lines. However, above the critical stiffhess viLue, transpor- 
tation requiranents become deninated by package geometry and increase rapidly as 
indicated by the near vertical ILnes. This, a deployable spacecraft for ai'iy 
mission would appear to have a limiting stiffhess value above which it becones 
impractical to transport, even in segnents. 
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ANALYSIS AND DESIGN - PLATFORMS AND REFLECTORS 


The spacecraft sizing activity requires an analysis for each design 
requirement considered. As appropriate design requirements are identified, 
analyses are developed and included in the sizing code for simultaneous 
consideration with all constraints. Results from one sudi analytical study 
(reference 1) are shown in F-M where load concentrations resulting from 
missing members in truss plates were examined. The table shows that using a 
"classical approach" to estimate load concentration effects would result in 
concentration factors vrtiich are over a factor of 2 higher than those 
predicted by a discrete analysis. 

Results from a preliminary analysis for sizing curved reflectors 
(reference 2) are shown in F-5. This figure shows the approximate dimension 
(L) of a triangular facet arrangement \diich is used to ^proximate a curved 
reflector surface for a specified surface error (Sxtib) focal laigth (P). 
The triangular ^ices are assumed to coincide with supporting truss hard 
points (nodes). Therefore, L becomes the required strut length fan the truss 
and must be considered in the design process. 


MISSING MEMBER EFFECTS 
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FACETED ANTENNA DESIGN 



Fy 6rm« 
0 D 


P-5 


203 


ANALYSIS AND DESIGN - BASIC '^I.EMENTS 


A comprehensive characterization of various structural configurations 
for long columns was presented in reference 3» '^ich compared structural 
efficiencies to identify preferred minimum mass concepts. Transportability 
of the structural configurations to orbit was not examined. In reference 4, 
a derivative of the cylindrical column which can be stacked for transporting 
is identified and is illustrated in F-6. This element-denoted the nestable 
column - is being studied and developed (reference 5) as a basic building 
block applicaole to many types of built-up spacecraft structure. However, 
for extremely lightly loaded or long length applications, the solid skin 
nestable columns are minimum gage thickness constrained. Preliminary design 
calculations, based on analyses similar to reference 3» indicate that qpen 
or lattice skin configurations would offer significant mass savings as shown 
in F-6. In order to analyze and design this type of reticulated structure 
more accurately, a new buckling theory has been developed (reference 6). 

Some typical analytical results are shown in F-7 for a three longeron column 
which show that the discrete analysis predicts buckling, for sane column 
proportions, at a lower load than is predicted by conventional methods. 


BASIC ELEMENTS 
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NEW BUCKLING THEORY PREDICTS DISCRETE EFFECTS IN LAHICES 


TYPICAL CONFIGURATIONS 


BUCKLING OF THREE ELEMENT BOOM 


REPEATING GRID COLUMN 



THREE ELEMENT BOOM 




FEATURES OF THEORY 

0 CONFIGURATIONS WITH EACH NODE HAVING SIMILAR GEOMETRY 
0 FINITE ELEMENT BASED ON BEAM-COLUMN THEORY 
0 PERIODIC MODE SHAPE 

0 6x6 DETERMINANT FOR BUCKLING OR VIBRATION 
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CONCEPT mvaOPMENT 

Pretensioned Cuiuoin 

One _ otential way in which the mass and volume of a compression strut 
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CONCEPT reVSLOPMENT 


Deployable ftodule 


A modular concept for constructing reflectors is shown in F-10 and 
F-11. fflodules are connected together at thr€« points in eadi surface. 
When assea^led, the hexagonal planform of one side forms the closed reflector 
surface as shown in F-10. This concept incorporates a flat triar^lar facet 
approximation to a ctoubly curved reflector surface. Each roxlule, shown in 
F-il, can be folded with all members stesrfed parallel for transport to orbit 
where it would be <teployea and assembled. Currently, the necessary Joint 
hardware is teirjg developed aM a deployssent mettod for each module as being 
investigated. Mesh attachment methods are being examined and an engineering 
model will be fabricated. Packaging techniques for the folded modules are 
being investi^ted along with on-orbit assembly scenarios which are oexspati- 
ble with use of the Shuttle. 


DEPLOYABLE MODULE CONCEPT 




cx^CEPT mvELommi 

Deployable Truss Test 


Deployable _ trusses are an iarportant class of spacecraft structure. The 
ability to^ fabricate and package an entire spacecraft m earth for transfer 
^ cteployed into a functional status is a dcsii’able goal. 
Folaaoie trusses, however, exhibit several features whidi caa limit their 
utility unless overcoae. Deployment kinematics of >iany folding truss m^bers 
..■ose a v;i3j.l6i%e vO •lesliciers to ellnaiiate potential n'sclanical ancnalies. 

To invest i^te this teature, and to determir^ ^^aember loads during ai unre- 
strained deployrnent, the tetrahedral truss model shown in F-12 was fabricated 
and successfully deployed in zero-g. Tlie truss was iteployed using springs at 
the joints to provicfe^ deployment energy during the freefail experiment. 
Strains recorded during manber locfeip cx>mpared favorably with pretest analy- 
tical predictions. 


DYNAMIC QUAUFICATION MODEL 
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AtITOHATSD ASSEffiLY STUDIES 


Scxae proposed missions require structures sufficiently large that they 
are iapractical to deploy or asseohle by Astronauts. For such structures. It 
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